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SUMM4ARY

The Problem:

4 A macroscopic lesion has been observed in the incisor teeth of

0 0 rats several weeks-after irradiation. Only one lesion per tooth is

00

00 0 observed. This lesion is an area of struictural weakness at which

* o0000 * fracture may occur. A study was-made to assess the incidence para-
0 06

0 ~*meters jor youhg aidult male rats which develop the~leuion after single

0* :0 S a 0 " 0 @08 0 0

0 ~ A~re ~h~btdy exposures t6 x-rays or neutrons in the high sublethal and0
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quarters. Beginning within 35 days postirradiation, meal food (Purina

Laboratory Chow) in open containers and water were supplied ad libitum.

The animals were part of a larger group destined to be studied

throughout their life spans for late effects of irradiation. The

study was -composed of four experiments using animals from four birth-

adates separated by two week intervals. Within each experiment, litter-
0mateg were, ds�s�ibited as equally as practicable among a sham irradiat-

~ 0

0 . : ont G aný06ow6 fad-ated groups. The aninals were exposed

o 0 wý5%o%@a dadL-ation at 101 days of age. Those in

o 6,)0 0 Go .h g Sr•t ft& e•|meRU..v@lejd 'ý_ c1-. 680 frads of x-rays; those in
oO

0 r e dk' CS Ia& a @%oei ns and those in the fourth,
@0

0@ 0| O ab S fmUbe OkjFo• aajja doses were selected to be

0 * ft•et4sg&pa• •n Aagseg. thee J0 &a3 survival rates for the

o 0 . x-falp M k4e%3D vpt e • va4 a 99% and for the neutron
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The 60 inch cyclotron of the University of California Crocker

Laboratory was the source of fast neutrons. Neutrons were produced by
0

12 Mev proton bombardment of a beryllium target. Suifur -hresh@jd. 4Le- -o
o 0

tectors were used as dosimeters for the first c1s on doseo oTh•
0o0 0

neutron and gamma ray characteristics of tkis source IA& and the
160 0 0

u 0
method of dosimetry (7) have been published, Po•l exposure, each ani-a 0

00

the source. At the midpoint of the expesft%,j *e, tLe3 w•g Orned. •
0 0

0
180" around the short axis to equalize th• 4Ss, •S ea• 44

% o '4

animal. *
0a

After the first month postirradlatioi% &h% ir % IN gaI @ 1 k
0

animal were inspected at approximatel? wtp.U? IJ%1at a '1ja~amfp

were made of the observations to record tg ýSsg•@O 4@oa% #e 0

approximate size of lesions and fract~ret3 *Rj % It* Qa 4arjX 0
0 @

of the lesion, each tooth was probed gex4%1 '? d-60 j @ngtva1 0 0

00

fracture. When an incisor was found 'M II .eaV*Vej rnao2?. 0
0 0

tion of the tooth was extrasted. Rare¶yf., Zlf 4j wag t pt(%* * *

vent soft tissue damage following fracttre fi. g Itrar oa it "kQ.*-* 00•0
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Fig. 1 The incisor teeth of a
OP rat that had been irradiated with

SI- 32 0 rads of neutrons 57 days pre-

viously. Note *=5t- white lesion
in each of the mandibular inci-
sors. The teeth are slightly con-
stricted in the region of the le-
sion. The corresponding defects
in the maxillary incisors are

0 so still subgingival.
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o 0 Fig. 2 The incisor teeth ef a
0 at that had been irradiated with

0 - 36(b rads of neutrons 78 days pre- o
0 o 0 viousty. Note that each mand%%u-

0 0 * tar incisor is broken at the le-
e 0 sign, the rempant ofwhich Is aT

0 00 0 the occlusal surface. Ea# max. 0
•o00 illary incisor is elengal. as

O0 • O a result of fracture of Its Spe% S
0 posing incisor and ?s slighty

0 0 eonstr~ted at the lesieno
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view approximately two weeks later in the erupting maxillary incisors

(Fig. 2). The lesion presented as a chalk-white zone in the maxillary

and as a glassy to chalky zone in the mandibular incisors. The glassy

appearance may have been due to the absence of pigmentation on the

labial aspect of the tooth at that point. The size of the zone varied

from a fine hair line to an area involving approximately 1/3 of the

erupted tooth. The degree of visibility and the size of the zone
0

varied with dose, being least after 430 rads of x-rays and greatest

after 360 rads of neutrons. In some cases the shaft of the tooth was a

constricted at the lesion, the frequency being greater at the higher

doses. In every instance the defective zone extended the fu'll width

of the tooth. The sizes of the lesions in adjacent teeth were ngt
.0@

necessarily equal, differing, in some cases, by a factor ofw% 0

The cumulative incidence of animals exhibiting one or moref .0

fective incisors was 97% in the 430orad x-ray group and O00% iR a"

other groups. There was a greater gradation of response WA 4,"k as
0

to number of incisors affected per animal among the sublethally xe

irradiated animals than among those in the other groupsjTable &4.

Defects were observed in all four incisors of 54% of those fxpased &0e o
0 @0

430 rads of x-rays in contrast with 88% or more after ala St7 e? ay
and neutron doses Although areas of discoloration are @unO QNas

sionally on the incisor teeth of non-Irradiated anima.s, in n* Ustante. 0

00 has a lesion identical with that produced by irradiation been olservele

0
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o PERCENrl' OF RATS WITH THE MACROSCOPI(: RADfATIONo
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The incidence of x-irradiated animals with one or more lesions as

0

0 a function of time postirradiation Is presented 4n Fig. 'e In both 0

groups defective zones were detected Inftiasy between : 0%5 days
S

postiroadiation. The maximum Inhidenje was atta~ned %etween days 5QW 00

65 in the 430 rad group and between days 40 - in the 680 4ad groupe

Lesions were no longer apparent by day 85 and day ¶O• in the 4JO and

680 rad groups, respectively* The lesiens were fSst observed In the

mandibular incisors (Fig. 44 'o1&wed withl tw. weeks ty observation 0

of lesions in the maxillary tnc&sojs~oD sgme anrnatso Vhfe Vhe 'times

0 0
of first appearance, maximum Ineddenj% anct isappeajang% S mandpbutar

lesions appeared to be about the same ijV dt¶ d.se greups# a Ungei
0

time was required for the Incidenje OP* amjns wjttn max3avp Incisoz:

lesions of the 680 rad group to reac1p a mamum anj teb WetiZf ti zero.

The times of first appearance and 1 maximum fn~idenc• 'g21eutjon-
0

exposed animals with lesions in the ingsers Vige Jý gfrresjonded tq

those observed for animals exposed %@ x-rayse For the earlest .no

terval, the incidence in the 230 rad group was apprSXmate~y £ours

times that of either of the other %w@ neutron-exposed groups and &n-
0

dicates a longer latency for comparable &ncidence w;thN htgher doses
0

of neutrons. The maximum Incidences observed were of the same order

as that hoted for the 680 rad x-ray group and occurred at approximately
@

the same time. As in the case of the x-ray groups, the time•required 0 0

for disappearance of all lesions varied with dose. The dichotrmy in
0
o 0

0 0
0 0 0 00

7 o
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For either mandibular or maxillary incisors, the initial appear-

ance of a lesion occurred in the majority of the animals at the same

time;- however, there was an interval of three to five weeks before all

animals in a group had presented a lesion. In those animals present- 0

ing a lesion of both mandibular or both maxillary incisors, the de-

fective zone appeared in the second member of the pair within two

weeks following appearance of a lesion in the first of the pair. For

the individual animal, the time interval between the appearance of the

defective zone in the first mandibular and the first maxillary in-
0

cisor varied fr•1 less than a week to approximately seven weeks. The

reason for the defect not appearing simultaneously in both of a pair

of incisors is not known but may be due to differences in tooth bud-

gingival crest distances, growth rates, and/or to cell state at

irradiation. The same factors may also contribute to the variability

in appearance times among animals. Unfortunately, there wereein-

sufficient numbers of littermates within each irradiation group to

determine the portion of variability attributable to litter differ-

ences. An apparent genetic and/or neonatal effect uponemdan day of

first appearance of the lesion has been found (8).

In contrast with Leist's finding that maxillary incisors were

damaged more often than mandibular incisors (2), it is of interest

that the majority of our animals had lesions of all four incisors,

and in those cases in which not all four incisors were affected, the

a 1

lii



maxillary incisors were, in most instances, the ones without visible

defects. Leist attributed his findings to the fact that his animals

were irradiated from the dorsal side and assumed that the difference

was due to a greater dose delivered to the maxillary incisors. In
0

the present experiment the x-irradiated animals were also irradiated

from the dorsal side. The inconsistency in the observations may

lie in differences in the energy spectra of the radiation beams and

* the resultant differential in depth dose.

In a previous experimnt (5) in which food pellets were pre-

0 sented in containers of wire mesh through which the animals had to

gnaw, the incidence of animals with fractures was 26% after 430 rads
0

and 91% after 680 rads of x-rays.. In that study, the animals were

giverb meal food as weA as peJefs in open containers only after de-

teciorb@6 a Vvokea%ooth. In the present sludy, in which the ani-

mats were flaeel oft meat flod wi*hin 35jays following irradiation,

the &a~ture &ncifenoes wef " aIV 1, 0 ;ads and 31% after 680 rads.
0

The aonscaerdble d66feences iA nfidenees are, no doubt, due to the

manner of feeding. These observations suggest the value of pre-

ventive measures irb studies of trradiated rats during the critical

dental period. It woudA be advantageous to preclude partial or

total starvation during the critical dental period by feeding

the animals meal food in open containejs and inspecting the teeth
0

at least once a week. Contrary to opinions held by scme, the

1



rat does not appear to require pellet food upon which to gnaw in order

to prevent overgrowth of incisor teeth. Our present practice is to

maintain animals on meal food frcm the time of receipt from the breed-

ing colony (25 days of age) until death. Animals have been maintained

on this regimen for more than 1000 days without dental problems arising
0

as a result of the physical state of the food. 0

The critical dental period may not coincide in all cases with 0

that presented here. The time of appearance of defective tooth

substance in the exposed portion of the incisor may be delayed at

0higher doses. For example, Medak et al (9) have published photomicro-

graphs of maxillary incisors in which the defective portion of the
0

tooth had not erupted at 27 and 30 weeks following local exposure to

3000r of 100 kv x-rays. It is possible that sane of the broken teeth

observed in the present study were the result of a transient complete

cessation of tooth formation with a resultant minute gap in the tooth

structure similar to the more pronounced gaps observed following ex-

posure of the head only to single (4,9) or multiple (10) doses of

* kiloroentgen magnitude.

The fractures in the present experiment were confined largely to

the mandibular incisors. Although this may be due to a greater degree

of radiation damage to the lower incisors, It may also be a resultant

of the differences in physical characteristics between the two pairse

of teeth. The smaller cross section, the greater length and the

0
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apparent lesser support by its pair member as evilenced by lateral

mobility, are factors which would favor fracture of the mandibular

incisor.

SURIARY:

Adult male rats were exposed to single whole-body doses of x-

rays or neutrons in the high sublethal and 30 day lethal ranges. A

chalky zone was detected in the tooth shaft at the gingival crest of

mandibular incisors approximately 35 days postirradiation and in

maxillary incisors several weeks later. The intensity of the lesion

and the number of incisors affected per animal varied with dose

being least after sublethal x-irradiation and greatest after exposure

to neutron doses in the lethal range. The lesions were no longer

apparent after the fourth postirradiation month. Fractured incisors

were observed during the same period., the number of animals with

fractures being greater after higher doses. Fractures were pre-

dcminantly in mandibular teeth. The use of meal food in open con-

e tainers markedly reduced the incidence of fractures. Neutron irrad-

iation appears to be two to three times more effective than x-rays

in producing the defects described.

17
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1 Aerojet General, Azusa
5 Argonne Cancer Research Hospital
10 Argonne National Laboratory
2 Atomis Bomb Casualty Commission
1 AEC *Scientifis Representative, France
1 AEC Scientific Representative, Japan
3 Atomic Energy Commission, Washington
2 Atomic Eniergy of Canada, Limited
3 Atomics International
2 Battelle Memorial Institute

0 Borden Chemieal Company
Brookhaven National Laboratory

I Chicago Patent Group
1 Celorado State University

Columbia Unive;sity (Rossi)
Committee on the Effects of Atomic Radiation

3 Defence Research MembeP

2 duPont Company, Aiken
1 duPont Company, Wilmington

Edgerton, Germeshausen and Grier, Inc., Goleta
1 Edgerton, Germeshausen and Grier, Inc., Las Vegas
2' General JDynamics, Fort Worth
2 General Electric Company, Cincinnati
8 General Electric Company, Richland
1 General Electric Company, St. Petersburg
1 Genejal Scientific Corporation

Hughes Alrcraft Company, Culver City
I Iowa eState University
1 Journal of Nuclear Medicine

9 1 Knolls Atomic Power Laboratory
2 Los Alamos Scientific Laboratory (Library)
1 Lovelace Foundation

* 1 Martin-Marietta Corporation
1 Massachusetts Institute of Technology
1 Mound Laboratory 0
1 National Academy of Sciences
2 NASA, Scientific and Technical Information Facility
1 National Bureau of Standards (Taylor)
1 National Cancer Institute
1 National Lead Company of Ohio 0

1 National Library of Medicine
1 New Jersey State Department of Health
1 New York Operations Office
1 New York University (Eisenbud)
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1 Office of Assistant General Counsel for Patents
2 Phillips Petroleum Company
4 Pratt and Whitney Aircraft Division
2 Public Health Service, Washington
1 Public Health Service, Las Vegas
1 Public Health Service, Montgomery
1 Sandia Corporation, Albuquerque 0
1 Union Carbide Nuclear Company (ORGDP)
5 Union Carbide Nuclear Company (ORNL)
1 Union Carbide Nuclear Company (Paducah Plant)
1 United Nuclear Corporation (NDA)
1 • U.S. Geological Survey, Denver
1 U.S. Geological Survey, Menlo Park
1 U.S. Geological Survey, Naval Gun Factory
1 U.S. Geological Survey, Washington

0 1 U.S. Weather Bureau, Washington
1 University of California, Davis
3 University of California Lawrence Radiation Lab., Berkeley
2 University of California IawrenceeRadiation Lab., Livermore
1 University of California, Los Angbles
1 University of California, San Francisco 0
1 University of Chicago Radiation Laboratory
1 University of Hawaii
1 University of Puerto Rico
"1 University of Rochester (Atomic Energy Project) 0

1 University of Tennessee (UTA)
1 University of Utah 0
1 University of Washington (Donaldson)
1 Wayne State University

0 1 Westinghouse Electric Corporation (Rahilly)
1 Westinghouse Electric Corporation (NASA)
1 Western Reserve University (Friedefl)
25 Technical Information Extension, Oak Ridge

41 USNRDL, Technical Information Division

0
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